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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
This chapter discusses on the overview of the thesis.  It gives a brief 
introduction to the title, research objectives, scopes of study and the thesis 
organization. 
 
 
 
 
1.2  Problem Background and Motivation 
 
 
The field of offshore structural reliability analysis is of particular importance 
at the present, considering that a number of changes that are taking place within the 
offshore industry.  The changes include the introduction of the Load Resistance 
Factor Design Code (API-RP 2A LRFD, 1993) and the ISO developments.  There is 
also an increasing appreciation within the industry of the potential benefits from the 
use of these techniques especially after the applications in the area of optimized 
inspection planning (Onoufriou, 1999).  Apart from that, the introduction of goal 
 setting regime that allows more flexibility in the way offshore platforms are design 
and assessed has also proliferated the reliability based assessment. 
 
 
The above mentioned changes and the increasing need to address life cycle 
planning issues such as the Inspection, Maintenance and Reliability (IMR) planning 
have created a wider acceptance framework for reliability assessment methods.  A 
number of developments in the area of reliability analysis and the increasing 
hardware capacity make the use of these techniques more feasible at the various 
stages of the life of a platform. 
 
 
Although there is an increasing recognition within the industry of the 
significant potential safety and cost benefits from the application of offshore 
structural reliability analysis, there is varying degree of confidence in the methods 
due to the various uncertainties in this type of analysis.  Moreover, the outcome of 
the analysis is highly dependent upon the user competency and the assumptions 
made.  It is generally recognized that structural problems are often nondeterministic. 
Moreover, structures are designed and built despite imperfect information and 
knowledge.  In short, problems of structural design must be resolved in the face of 
uncertainty and as a consequence, risk, which is the probability an adverse event that 
will occur.  In order to quantify the risk, random variables such as the loadings and 
resistance of a structure pertaining to the limit state have to be determined.  
 
 
 The research in the field of offshore structural reliability is still in its stage of 
infancy in Malaysia compare to the countries in Europe or United States.  Though the 
advancement of the reliability analysis has reach to a level of maturity, the published 
results of the application of reliability analysis on the offshore structures in Malaysia 
is scarcely available.  
 
 
In reliability assessment, few issues have to be addressed, such as the loading 
probabilities, variation in the resistances and the methodology adopted in the 
 analysis. In the loading probabilities, environmental loading is the main concern due 
to its randomness.  In order to capture the randomness, the evaluation of 
environmental loading has moved from the deterministic approach to the 
probabilistic approach by adopting the joint environmental model.  These models are 
well established in the Gulf of Mexico and the North Sea, where extensive database 
on the oceanographic condition are at disposable.  However, the weather in the 
Malaysia waters is rather calm and not as extreme as the weather in Gulf of Mexico 
or North Sea.  Therefore the application of the models which are developed in other 
region will results in the over-design of the offshore structure.  French et al. (1992) 
has noted that the design environmental criteria for the platforms in South East Asia 
are usually increased, in some cases by as much as 60% during the life of the 
platform due to the scarcity of data during the construction of the platforms.  
Therefore there is a need to formulate the design criteria of the environmental design 
parameters for a specific location to ensure that the structures built are safe and 
economical. 
 
 
 Compared to the loading properties, the issue of variation in the structural 
resistance is inconsequential as study has proven that the resistance can be treated 
deterministically in structural analysis without affecting the results enormously 
(Sigurdsson, et al., 1994).  However, the methodology which is adopted in the 
reliability assessment plays an important role in determining the results of the 
analysis as different methods produce different results.  Major development in 
structural reliability methodology started in the sixties to develop the tools for 
quantifying the effects of uncertainties.  At present, there are many methods that are 
well developed to assist the calculation of structural reliability.  For component 
reliability analysis, methods such as First Order Reliability Method (FORM) and the 
Second Order Reliability Method (SORM) are widely used for the assessment.  
While for structural system reliability analysis, the method ranges from the 
component based approach to the more complex one such as the full probabilistic 
analysis.  Among the well-known theory, which are formulated for the system 
analysis are the branch and bound method and the beta unzipping method (Thoft-
Christensen and Murotsu, 1986).  The selection of method depends on other factors 
such as internal and external constraint.  Internal constraint would be the 
 uncertainties associated with the data, while the external constraint would be the 
expertise of the analyst and the availability of computational tools.  Consequently, 
each case is unique and the methodology adopted has to be based on the needs of the 
case study and the resources that are available.   
 
 
 Based on the above background, the research problems covered within this 
thesis are summarised as follows; 
 
i. What are the design environmental criteria for the offshore structures in the 
Malaysia waters by accounting the randomness of the loadings? 
ii. How reliable is the offshore structure that is built in the Malaysia waters? 
iii. For the present case study, what is the best method to be adopted considering 
the limited resource in data and computational efforts? 
 
 
 
 
1.3  Research Objectives 
 
 
The research objectives are as follows: 
 
• To determine the environmental loading conditions at the location of  
the jacket structure. 
• To study the response of the jacket structure under environmental  
loadings, i.e. wave, wind and current. 
• To identify the critical members in the jacket structure. 
• To investigate the level of reliability of the offshore structure in   
Malaysia’s waters. 
 
 
 
 
  
1.4  Scope of Study 
 
 
The scopes of work were divided into three parts. The platform which was 
used in this study is assumed to be a new platform, not in service conditions. 
Therefore deterioration of the platform was not considered. It checked the soundness 
of the design of the structure from the reliability point of view. 
 
 
The first part focused on the modelling of environmental parameters. The 
environmental loading condition is modelled based on the met-ocean data obtained 
for the Malaysia waters.  Modelling works were carried out to predict the extreme 
condition of the ocean weather. The environmental parameters considered in the 
modelling work were the wave and wind loading.  
 
 
In the second part, the scope of work focused on the response of the structure 
under environmental loading conditions.  The environmental loads are imposed on 
the structure. The simulations studies are carried out in the dynamic, time domain 
analysis by taking into account of the probabilistic fluid loading by using a Finite 
Element Software, ANSYS.  From the simulations, the critical members are 
identified and the utilisation ratios of the structural members are calculated.  
 
 
The final part of the study focused on the reliability analysis of the structure. 
A reliability program is written in Matlab to study the probability failure of the 
critical members and other members of interest.  Parametric investigations are 
carried out to study the effects of the environmental loadings on the structural 
members.  From the component reliability analysis, the study proceeds to the system 
reliability analysis. The probability failure of the structure is investigated. The 
system effects analysis are also included, to study the level of redundancy of the 
structure.  
 
  
1.5  Thesis Organisation 
 
 
This thesis consists of eight chapters proceed by the introductory chapter.  
Chapter Two contains the reviews on the related literature and theories pertaining to 
reliability analysis.  The development of reliability assessments, theories and the 
applications in the offshore industry are expounded concisely.  In addition to the 
review of reliability analysis, theories of wave loading and structural analysis are 
also discussed to give a clearer picture on the analysis of offshore structures. 
 
 
Chapter Three discusses on the modeling work of the environmental 
parameters where the platform is located.  The modelling works are presented with 
the theories of joint probabilities, bivariate distributions and the theory of design 
wave.  The design environmental parameters, which are determined and applied in 
the structural analysis 
 
 
Chapter Four presents the response of the structure under environmental 
loading conditions.  The methodology and theories which are adopted are discussed. 
Comparisons are made on the results based on the methodologies adopted.  Results 
from the structural simulation studies and the utilisation ratio of critical members are 
presented. 
 
 
The component reliability analysis is presented in Chapter Five.  The chapter 
begins with the discussion on the methodology which are adopted, the loadings and 
the resistance parameters.  The details on the computation of the reliability index are 
discussed thoroughly.  The chapter is concluded with the presentation of results and 
general discussion. 
 
 
 Chapter Six focuses on the system reliability of the structure.  The failure 
path of the structure is identified for every direction and this forms the system 
reliability of the structure by using the series of parallel sub-system.  The chapter 
documents the steps and theory adopted in the analysis.  Apart from this, it contains 
brief discussion on other methodologies, which are adopted by other researchers.  
The chapter is concluded with the studies on the system effects on the redundancy of 
the structure. 
 
 
Chapter Seven encapsulates the work and the general discussion of the whole 
thesis.  It compares the results, which are obtained with the findings of other 
researchers.  
 
 
Finally the thesis is concluded with the final chapter, the conclusion, which 
comprises of the summary of the works and recommendations for further research. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
